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A METHOD FOR THE MODUIATIOF OF THE IMMUNE RESPONSE 

This invention relates to a method of 
modulating the immune response in an animal (which term 
as used throughout this specification includes a human) , 
and to compositions for use in the performance of such a. 
5 method • 

An animal's immune system is comprised of 
numerous elements that act separately and/or in concert 
to counteract, to eliminate , or to neutralise substances 

10 that are recognised by that system as foreign to the 
animal host. Generally, but not necessarily, the 
substance recognised as foreign by the immune system has 
its origin exogenous to the host. Exemplary of such 
exogenous substances are infectious bacteria and the 

15 by-products of their cellular activity, virus particles 
and their proteins, proteins injected by insect stings , 
and the like. In autoimmune diseases, such as 
rheumatoid arthritis, the host's immune system 
recognises host-made proteins or self-made proteins as 

20 foreign. 

The immune response can be modified by 
artificial suppression (immunosuppression) or 
enhancement (immunopo tent iat ion) . Immunosuppression, 
25 i.e., artificially induced decreased responsiveness, can 
be achieved by six general methods: (1) .administration 
of antigen, (2) administration of specific antisera or 



30 
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antibody, (3) use of other biologic reagents such as 
antilymphocyte antisera, (4) use of drugs or hormones, 
(5) radiation, and (6) surgical removal of lymphoid 
tissue. Immunopotentiation can include the 

5 administration of an agent effecting an increase in the 
rate at which the immune response develops, an increase 
in the intensity or level of the response, a 
prolongation of the response, of the development of a 
response to an otherwise non- immunogenic substance. The 

10 agents which are known to enhance immune responses are 
generally termed adjuvants and can be placed into two 
general categories: (1) those providing general 
potentiation, i.e., substances which enhance both 
cellular and humoral immune responses for a wide variety 

15 of antigens, and (2) those providing specific 

potentiation, i.e., substances which enhance specific 
responses, to certain antigens only. 

To date, immunosuppressive drugs that have 
20 been developed to manipulate the immune response, are 
usually compounds of complex structure that have been 
discovered by accident. Further, their mode of action 
is often unknown or very unpredictable and 
administration of the drugs can be accompanied by 
25* undesirable side-effects. 

It is a first object of the present invention 
to provide a method of modulating, and particularly of 
suppressing the immune response of an animal. A second 
30 object is to provide a method of modulating the immune 
response of an animal in which the active site of the 
substances used to modulate the immune response can 
readily be determined and easily altered to modify that 
immune response. A third object is to provide a method 
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of modulating the immune response without undesired 
side-effects Other- aims -and objects of the present 
invention will become apparent from the following 
description. 

5 

There exists a class of compounds called 
"amphiphiles" . The structure of these compounds 
comprises two dissimilar portions - a nonpolar, 
hydrophobic (repelled by water) "tail" portion which is 

10 lyophilic (attracted to fats) and often a hydrocarbon 
chain, and a polar , hydrophilic and lyophobic "head" 
portion. Many amphiphiles are commonly used as 
detergents. Detergents dissolve fatty materials and 
dirt by forming micelles , in which the oil or fat is at 

15 the centre of a sphere formed by the nonpolar 

hydrocarbon ends. The polar groups form a hydrophilic 
surface around the sphere and render the entire micelle 
water-soluble . 

20 The present invention is based on the 

discovery that the nonpolar or tail end of certain 
amphiphiles can embed into the surface of a cell without 
necessarily destroying cell membrane function. The 
polar or head group of the amphiphile, now a part of the 

25 surface of the cell f modifies the local environment and 
thus alters the acceptor sites on the surface of that 
cell. In addition , local membrane curvature and 
thickness are perturbed , again modifying local 
microenvironment of cell attached peripheral molecules 

30 involved in immunorecognition. 

According to the present invention, there is 
provided a method of modulating or suppressing the 
immune response of an animal , which comprises the 
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administration of an effective amount of at least one 
amphiphile which is capable cf interacting- at the 
surface of a cell to modify the surface properties 
thereof so as to inhibit or modify recognition of an 
5 antigen by the altered cell. 

If desired, the amphiphile (s) may be 
administered in association with a pharmaceutically 
acceptable carrier or diluent. 

10 

In performing the method of this aspect of the 
invention, the amphiphile is administered at a 
concentration which is less than the concentration at 
which the cell membrane is disrupted and the cell lysqd. 

15 

In another aspect of this invention, there is 
provided a composition suitable for modulation or 
suppression of the immune response of an animal, which 
composition comprises at least one amphiphile as 
20 described above together with a pharmaceutically 
acceptable carrier or diluent. 

In yet another aspect, this invention relates 
to the use of at least one amphiphile as described above 
25 for the modulation or suppression of the immune response 
of an animal f and to the use of at least one amphiphile 
as described above for the production of a composition 
for use in the modulation or suppression of the immune 
response of an animal. 

30 

The present invention also extends to a method 
of preparing animal tissue for grafting or 
transplantation from a donor animal to. a recipient 
animal, which method comprises the treatment of animal 
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tissue from said donor animal with an effective amount 
of at least one -amphiphile as described above-to 
inactivate cells in said tissue which stimulate the 
graft rejection reaction. 

5 

In particular^ graft tissues removed from a 
donor animal, such as small cell grafts , (for example , 
endocrine tissues) , may be exposed in vitro to the 
action of an amphiphile in accordance with this 
10 invention prior to being grafted into the recipient 
animal . 

Amphiphiles, and particularly cationic 
surfactants closely related to those in widespread 
household and commercial use, have been shown to inhibit 

15 the generation of mixed lymphocyte reactions in vitro ; 
to inhibit inflammatory responses caused by the 
injection of alloreactive cytotoxic cells into the 
footpads of mice; and to increase the susceptibility of 
mice to murine cytomegalovirus. This work confirms the 

20 potent iiranuno suppressive activity of these cationic 
surfactants. 



Preferably, the amphiphiles used in the 
present invention are cationic surfactants of the 
25 general formulae: 

rVx 

wherein R 1 represents a straight- or 

branched-rchain, saturated or unsaturated 
30 hydrocarbon of at least 8 carbon atoms; 

2 

R represents a straight- or 
branched-chain, saturated or unsaturated 
hydrocarbon of at least 8 carbon atoms; and 

35 
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X represents any suitable cationic moiety 
required to product an amphiphiie; or 

5 

wherein R 3 represents a straight- or branched 

chain , saturated or unsaturated hydrocarbon of 
at least 14 carbon atoms? and 

10 X is as defined above* 

In particularly preferred embodiments , R 1 and 

2 

R are chosen so that the total number of carbon atoms 

3 

in the combined chains is 24 or fewer, or R is chosen 

15 to have at least 16 carbon atoms in the chain. 

1 2 

Typically, combinations of R and R include c j2 C 12' 
C 8 C 12 and C 8 C 16' wll ilst r3 * s typically C^g. 

The present invention also extends to the use 
20 of mixtures of amphiphiles as broadly described above , 



including mixtures of double-chained amphiphiles of the 

formula R*R 2 : 
3 

formula R X. 



1 2 

formula R R X with single-chained amphiphiles of the 



25 It has been observed that the single- and 

double-chained cationic surfactants encompassed within 
the present invention exert their immunosuppressive 
effects by different mechanisms. Addition of 
single-chained surfactants to a cell-culture , or 

30 in vivo , will not destroy cell membranes, i.e. exhibit 
cell toxicity, and will exhibit immunosuppression below 
the critical micelle concentration (CMC) , however they 
will be toxic above the CMC at which point spontaneous 
vesicles form and cell lysis occurs. Double-chained 

35 
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surfactants on the other hand form vesicles rather than 
micelles and do not have a well-defined CMC, and it has 
been observed that such surfactants do hot destroy cell 
membranes. Immunosuppression with these surfactants is 

5 not exhibited at longer chain lengths where the chain 
melting temperature is so high that aggregates are 
frozen lamellar phase inaccessible to cell membranes, 
i.e. the chain melting temperature of the surfactant 
should be in the range of 37-40 °C or below for 

10 immunosuppression to be exhibited. 

Particularly potent immunosuppressants, both 
in vivo and in vitro , are double-chained quaternary 
ammonium surfactants within this preferred class, more 
15 particularly didoecyldimethylammonium bromide (DDAB) and 
didodecyldimethylammonium acetate (DDAA) . 

The immunosuppressive activity of cationic 
surfactants has. been tested by a study of the effect on 

20 the cell-mediated immune response, which provides a good 
model of cell/cell interactions. The results of this 
study, which are set out in detail below, have 
established that the immunosuppressive effect of these 
surfactants is not due to non-specific toxicity, but is 

25 probably due to impaired T-cell function. 

The immunosuppressive activity of cationic 
surfactants is illustrated in the accompanying figures, 
in which: 

30 Figure 1 shows lysis of P815 target cells by 

alloreactive BS T cells generated in vitro in the 

c 

presence of various concentrations of DDAB. (o) 
control.; ( # ) 1 vg/ml; (a) 100 ng/ml; U) 10 
ng/ml . 



35 
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Figure 2 shows mortality of BALB/c female mice 
treated with 2 consecutive injections of 200yg DDAB 
i.v. (• ) compared to saline treated controls (o) , 
after challenge with 2 x 10 5 pfu MCMV i.p. 

Figure 3 shows increase in footpad thickness of 
BALB/c female mice after injection of 3 x 10 6 T 
cells reactive against H-2 d alloantigens* 
Recipients were treated either with 2 consecutive 
injections of 200yg DDAB i.v. (A ) , or 2 mg in olive 
oil sc (A). Controls (o) treated with saline or 
olive oil were not significantly different from 
each other r and were pooled for analysis. Each 
point represents the inean of a minimum of 5 mice. 
After 24 hr. , footpad swelling in all mice treated 
with DDAB was significantly less than in the 
controls (p < 0.05). The vertical bars represent 
the standard deviations of the means. 

Figure 4 shows lysis of P815 target cells by 
alloreactive B6 T cells generated in vitro in the 

C ™ iii i ii —i. 1 1 ii , 

presence of 10 ng/ml of DDAB U) or DDAA (i ) , 
Control (o) . 

Figure 5 shows lysis of P815 target cells by 
alloreactive B6 T Q cells generated in the presence 
of DDAA or cyclosporin A(CsA) . 

Figure 6 shows lysis of P815 target cells by 
alloreactive B6 T c cells generated in the presence 
of various single- and double-chained cationic 
surfactants. 



35 
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EXAMPLE 1 

(i) Materials and Methods 

Mice ? BALB/c and C57 B1/6J (B6) mice were obtained from 
the Animal Breeding Establishment at the John Curtin 
School of Medical Research. Only female mice 6-12 weeks 
old were used in experiments. 

Surfactants : Didodecyl dimethyl ammonium bromide (DDAB) 
and acetate (DDAA) were a gift from Dr. D .F.Evans 9 
Department of Chemical Engineering , University of 
Minnesota. The former was purchased originally from 
Eastman Kodak and recrystallised twice from 
acetonitrile, the latter made by ion exchange to the 
hydroxide form in C0 2 free conditions, followed by 
neutralisation with acetic acid and lyphilisation. The 
bromide and acetate were used in saline suspension at 
1 mg/ml; the bromide additionally in olive oil at 
10 mg/ml. All preparations were sonicated to clear 
vesicular suspensions at 70 watts for two minutes before 
use. 



Virus ; Murine cytomegalovirus (MCMV) was grown in the 
salivary glands of 4-6 week old female BALB/c mice and 
stored at -70 °C until used. Titres were determined by 
plagueing on BALB/c mouse embryo fibroblasts. 

Preparation of alloreactive Cytotoxic T (Tj Cells .; 
Cells reactive against BALB/c (H-2 d ) alloantigens were 
obtained by culturing B6 spleen cells (2 x 10 6 /ml) with 
irradiated (2000R) BALB/c spleen cells (5 x 10 5 /ml) in 
Eagles Minimum Essential Medium supplemented with 5% 
foetal calf serum and 10" 4 M 2-mercaptoethanol. In 
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certain experiments, appropriate concentrations of the 
surfactant were added at the initiation of the culture. 
At the conclusion of the 5 day culture period , the cells 
were harvested, resuspended in 0,5 ml of the medium, and 

5 lytic activity assayed on 51 Cr - labelled P815 (H-2 d ) 

target cells. In order to determine the lysis per cell, 
a linear regression analysis was performed on the number 
of viable cells versus percent lysis at each dilution of 
the original culture. The results were then expressed 

10 as percent lysis at a specified effector-to-target cell 
ratio. 

Graft-Versus-Host Response : Alloreactive T Q cells 
prepared as above were washed once, resuspended in 

15 Puck's balanced salt solution, and 3 x 10 6 cells in 40yl 
injected into the left footpads of BALB/c mice that had 
previously been treated with DDAB. An equal volume of 
Puck's saline alone was injected into the other footpad 
as a control. At various intervals thereafter, swelling 

20 was measured using a dial gauge caliper (H«C. Kroplin, 
Schluchtern, Hessen, FGR) • The results were expressed 
as the difference in thickness between left and right 
footpads. 

25 (ii) Results 

Initial experiments were designed to investigate 

the effect of DDAB on alloreactive T cells, either 

c 

generated or assayed in the presence of the surfactant. 
30 Fig.l shows that there was substantial loss of effector 
cell activity in the cultures, even at concentrations as 
low as 10 nanograms /ml. However, because DDAB was toxic 
to lymphocytes when used at ly/ml, the yields of cells 
from the cultures were reduced at lower concentrations 

35 
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of the surfactant, it was essential to determine whether 
the apparent immunosuppressive effect was simply due to 
the presence of proportionally fewer effector cells. 
This possibility can be dismissed. When the data were 

5 corrected for lysis on a cell-for-cell basis (Table 1) 
it was clear that effector cell function had indeed been 
impaired. In contrast, when the T c cell activity of 
control cultures was assayed in. the presence of similar 
concentrations of DDAB, there was no loss of effector 

10 cell function (data not shown) . 

TABLE 1 

Corrected lysis of P815 target cells by 
alloreactive B6 cells generated in the presence of 
15 various concentrations of didodecyl dimethyl 

ammonium bromide 

Treatment 
None 

20 lug/ml 
lOOyg/ml 
lOng/ml 

1 Calculated from linear regressions, at a 
25 killer-to-target ratio of 2.5:1 

2 

No viable cells were recovered from the culture. 

Given the above, it was important to establish 
30 whether the result could be attributed to some 

singularity of the tissue culture system, or whether the 
surfactant also had some biological activity in vivo . 
In order to discriminate between these alternatives, 
BALB/c mice treated with two consecutive injections of 

35 



Percent lysis 1 
74.3 

0 2 
36.8 
33.0 
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DDAB i.v. were challenged with a minimum lethal dose (2 
x 10 5 pfu) of MCMV. These mice showed a sharp reduction 
in median survival time compared to infected mice 

pretreated with saline (Fig. 2). Because anti-viral T 

c 

5 cells are essential for recovery from primary viral 

infection, an increased susceptibility to MCMV infection 
was consistent with the impaired generation of T c cell 
function obsereved in vitro . A further experiment was 
devised to examine the function of alloreactive T cells , 

10 generated in vitro , after transfer into DDAB treated 

mice. The reactivity of these cells, as measured by the 

increase in footpad swelling, was substantially reduced • 

(Fig. 3)* These in vivo phenomena depend not only on 

effector cell function, but also on movement of T 

15 lymphocytes and other cell types from the blood to the . 
■ 

site of antigenic challenge. As cell recirculation 
patterns could also be disrupted by the presence of a ' 
surfactant, the precise mechanism (s) of action must 
await further analysis • 

20 

Attempts to determine whether intranasal 
administration of DDAB would, also cause generalised 
immunosuppression were unsuccessful because at the dose 
used (50 yg) the surfactant apparently interfered 
25 directly with lung function, and the mice died within 
24 hr. 

The marked immunosuppressive potential exhibited by 
DDAB both in vitro and in vivo is manifest. It was of 
30 interest to enquire further if the mode of delivery of 
surfactant vesicles altered these biological effects. 
Sonicated DDAB suspensions form small (diameter = 500 A) 
^cationic vesicles admixed with liquid crystallites which 
in the presence of saline further flocculate to increase 

35 
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the proportion of less accessible liquid crystals. By 
contrast,, using, acetates or other carboxylates as., 
counterions, vesicles and micelles form spontaneously in 
aqueous solution, and in saline revert to liquid 

5 crystals much more slowly. The expectation was then 
that this circumstance would result in a freer passage 
of surfactant molecules into the cell membrane by 
heterocoagulation. The relative effects of the two 
salts on the generation of alloreactive cells in vitro 

10 is shown in Fig. 4 and the results are in accord with 
prediction. T c cells cultured in the presence of DDAA 
showed less effector activity than those grown in the 
presence of the bromide and this difference- was even 
more apparent when adjustment was made to compensate for 

15 different cell yields (Table 2} . Vesicles made by. 
polymerising the counterions should be even more 
effective, and have the virtue of enabling simultaneous 
delivery of encapsulated additional agents. 

20 TABLE 2 

Corrected lysis of P815 target cells by 
alloreactive B6 cells generated in the presence of 

didodecyl dimethyl ammonium bromide or acetate 

1 .2 
Treatment Percent lysis 

25 None 45.9 

DDAB 38.1 

DDAA 18.2 

1 Surfactants were added to the culture at a 

concentration of lOng/ml. 



30 



Calculated from linear regressions, at a 
killer-to-target cell ratio of 5:1. 



35. 
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EXAMPLE 2 

The potency of the immunosuppressive effects of 
DDAA have been compared with those of cyclosporin A 

5 (CsA) dissolved in dimethylsulphoxide • The materials 
and methods used were based on those described for 
Example 1 above. Figure 5 shows lysis of P815 target 
cells by alloreactive B6 T c cells generated in the 
presence of 1 yg/inl CSA (•) 100 ng/ml CsA (a) , 10 ng/ml 

10 CsA (a) , 1 pg/ml DDAA ■ , 100 ng/ml DDAA (<>) , and 
10 ng/ml DDAA (v) , Control (o). 

A surfactant with a single chain C^gBr and 
surfactants with chains of .unequal length, such as 
15 CgC^ 2 Br and CgC^ g Br partly suppress T lymphocyte 
.responses in vitro whereas another single chained 
surfactant C 12 Br and other double-chained surfactants 
with slightly longer chains such as C 12 C 1Q Ac or (C lg ) 2 Ac 
are relatively inactive. Figure 6 shows lysis of P815 

20 target cells by alloreactive B6 T cells generated in 

. c 

the presence of lOOng/ml C^Br (a) , lOOng/ml C g C 12 Br 
(A), lOOng/ml C 12 Br (■} , 200ng/ml c i2 C 18 Ac * # ' and 
200ng/ml (C.^KAc (7) , Control ( 0 ) • 
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CLAIMS 

1. ' A method of modulating or suppressing the 

immune response of an animal, which comprises the 

administration of an effective amount of at least one 

amphiphile which is capable of interacting at the 

surface of a cell to modify the surface properties 

» 

thereof so as to inhibit or modify recognition of an 
antigen by the altered cell. 

2. A method according to claim 1 wherein the 
amphiphile is administered in association with a 
pharmaceutically acceptable carrier or diluent. 

3. A method according to claim 1 or claim 2 
wherein the amphiphile is administered at a 
concentration which is less than the concentration at 
whhich the cell membrane is disrupted and the cell 

ly sed. 

4 . A composition suitable for modulation or 
suppression of the immune response of an animal, which 
composition comprises at least one amphiphile which is 
capable of interacting at the surface of a cell to 
modify the surface properties thereof so as to inhibit 
or modify recognition of an antigen by the altered cell, 
together with a pharmaceutically acceptable carrier or 
diluent. 

5* The use of at least one amphiphile which is 

capable of interacting at the surface of a cell to 
modify the surface properties thereof so as to inhibit 
or modify recognition of an antigen by the altered cell, 
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. for the modulation or suppression of the immune response 
of an animal. 

6. The use of at least one amphiphile which is 
capable of interacting at the surface of a cell to 
modify the surface properties thereof so as to inhibit 
or modify recognition of an antigen by the altered cell, 
for the production of a composition for use in the 
modulation or suppression of the immune response of an 
animal. 

7. A method of preparing animal tissue for 
grafting or transplantation from a donor animal to a 
recipient, animal , which method comprises the treatment 
of animal tissue from said donor animal with an 
effective amount of at least one amphiphile which is 
capable of interacting at the surface of a cell to 
modify the surface properties thereof so as to inhibit 
or modify recognition of. an antigen by the altered cell, 
to inactivate cells in said tissue which stimulate the 
graft rejection reaction, 

8. A method, composition or use according to any 
one of claims 1 to 7 wherein the amphiphile is a 
compound of the general formula 

rVx 

wherein 

R 1 represents a straight- or branched-chain, 

saturated or unsaturated hydrocarbon of at least 8 
2 

carbon atoms; R represents a straight- or 
branched-chain, saturated or unsaturated 
hydrocarbon of at least 8 carbon atoms; and X 
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represents any suitable cationic moiety required to 
produce an amphiphile; or 

wherein 

r 3 represents a straight- or branched-chain, 
saturated or unsaturated hydrocarbon of at least 14 
carbon atoms; and X is as defined above. 

g. a method, compositon or use according to claim 

8 wherein R 1 and R 2 are chosen so that the total nuinber 
of carbon atoms in the combined chains is 2 4 or fewer, 
or wherein R 3 is chosen to have at least 16 carbon atoms 
in the chain. 

10. A method, composition or use according to any 
one of claims 1 to 9 wherein said amphiphile is a 
double-chained quarternary ammonium surfactant. 

11. a method, compositon or use according .to claim 
10 wherein said double-chained quarternary ammonium 
surfactant is didodecyldimethylammonium bromide r or 
didodecyldime thylammonium acetate . 
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